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Original Article

IntroductIon

Mycobacterium tuberculosis, discovered by Robert Koch 
in 1882, is one of the leading causes of death in humans. 
Tuberculosis is the world’s ninth leading cause of mortality 
and the leading cause of death caused by a single infectious 
agent. Despite modern and efficient chemotherapy, pulmonary 
tuberculosis (PTB) continues to cause significant morbidity 
and mortality.[1] Treatment success in PTB has been defined 
in terms of microbiological culture rates and little attention 
has been paid to the impact of PTB as a cause of disability in 
those who survived the disease.

Given the high occurrence of PTB and the excellent success 
rate of the current therapy, an unknown but significant number 
of patients worldwide have survived PTB. The impairment of 
pulmonary function has been the subject of studies evaluating 
the impact of treated PTB as a cause of disability. In more 
than half of the treated PTB patients, these investigations 
found considerable residual lung function impairment, with 
both obstructive and restrictive ventilatory abnormalities 

identified.[2,3] Persistent physiological impairment is known to 
produce gas exchange irregularities and the development of 
pulmonary hypertension (PH), which causes severe disability 
and shortens life expectancy.[4‑6]

PH can be caused by a variety of respiratory and nonrespiratory 
factors (PH). Chronic obstructive pulmonary disease (COPD), 
idiopathic pulmonary fibrosis, obstructive sleep apnea, and 
PTB are the most common respiratory disorders that cause PH. 
The prevalence of PH in various respiratory disorders has been 
investigated in several noninvasive and invasive research.[4,7‑10]
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Patients with posttubercular pulmonary fibrosis must be 
evaluated for PH using a multimodality approach, which 
includes a series of investigations ranging from a thorough 
clinical evaluation, noninvasive imaging, and right heart 
catheterization (RHC), which is considered the “gold standard” 
for the diagnosis of PH.[11,12]

Transthoracic echocardiography provides several measures 
that can be used to estimate right heart hemodynamics like 
pulmonary artery systolic pressure (PASP) calculated from 
the tricuspid regurgitant velocity (TRV) and is used to alert 
suspicion of PH. The estimation of PASP is based on the 
peak TRV taking into account the right atrial pressure (RAP) 
as described by the simplified Bernoulli equation.[13,14] The 
goal of this study was to use Doppler echocardiography to 
determine the prevalence of PH in patients with posttubercular 
pulmonary fibrosis.

matErIaLs and mEthods

It was a prospective cross‑sectional hospital‑based study 
conducted in the Department of Pulmonary Medicine and 
Cardiology from July 2016 to June 2017. After receiving 
approval from the institutional ethical committee, all 
consecutive patients with posttubercular pulmonary fibrosis 
were enrolled in the study. Written informed consent was taken 
from all patients who met the inclusion criteria (radiological 
characteristics of pulmonary fibrosis after tuberculosis 
with age <40 years) and the exclusion criteria, i.e., age 
>40 years (because COPD occurs predominantly in the 
age group of more than 40 years, which is one of the major 
causes of PH), HIV‑positive patients, COPD patients, Cardiac 
disease (valvular or myocardial disease), pulmonary fibrosis 
other than tuberculosis, pulmonary thromboembolism, and 
poor echocardiography window.

Doppler echocardiography was used to check for PH in 
patients with pulmonary fibrosis. Doppler echocardiography 
was used to do a thorough cardiac assessment, and PH was 
established by measuring the PASP. Echocardiography was 
performed utilizing a Philips medical system iE33 echo 
machine with a 2–5 broadband phased array probe to record 
various parameters.

The effects of PH on the heart were imaged using transthoracic 
echocardiography, and PASP was estimated using 
continuous‑wave Doppler measurements. All measurements 
were done as per the standard echocardiographic guidelines. 
PH was graded based on PASP, i.e., normal (<40 mmHg), 
mild (41–50 mmHg), moderate (51–80 mmHg), and 
severe (>80 mmHg).

The peak tricuspid regurgitation velocity (TRV) was used in 
conjunction with the presence of other echo PH symptoms to 
determine the probability of PH. The patients were separated 
into three groups based on their PH risk: low, middle, and high. 
Low PH‑risk was defined as TRV 2.9 m/s (or not measurable) 
with no more than one additional echocardiography PH 

sign; intermediate risk was defined as TRV 2.9 m/s with 
two additional PH signs, or TRV 2.9–3.4 m/s with no more 
than one additional PH sign; high risk was defined as TRV 
2.9–3.4 m/s with two additional PH signs, or TRV >3.4 m/s 
with two additional PH.

In addition to the PASP and routine echocardiographic 
findings, the following parameters were noted: pulmonary 
artery acceleration time and inferior vena cava (IVC) diameter 
with response to inspiration. An echocardiographic scan will 
be performed to rule out any left atrial or left ventricle illness 
that could be causing PH.

The information was entered into a Microsoft Excel 
spreadsheet. Tables and percentages were used to summarize 
the findings. The statistical SPSS program version 22 (IBM, 
Chicago IL, USA) was used to do cross‑tabulation with the 
outcome variable of interest. Statistical significance was 
defined as a P < 0.05. Standard statistical procedures were used 
to calculate the test’s sensitivity, specificity, positive predictive 
value, and negative predictive value.

rEsuLts

A total of 80 patients were involved in the study of different 
age groups. The most common age group involved in the study 
was 31–40 years (65%) [Table 1]. The youngest patient was 
aged 18 years and the oldest one was 40 years. In this study, 
45 (56.2%) were female and 35 (43.8%) were male.

The analysis of symptoms among the patients revealed 
dyspnea as the most common symptom being reported 
by 80 patients (100%), followed by cough in 26 (32.5%), 
hemoptysis in 18 (22.5%), chest pain in 8 (10%), and syncope 
in 2 (2.5%) patients. Grading of dyspnea was done according 
to the modified medical research council Scale. In this study, 
39 patients (48.8%) have Grade I dyspnea, 17 (21.3%) 
had Grade II dyspnea, 10 (12.5%) had Grade 0 dyspnea, 
and 7 (8.8%) had Grade III and 7 (8.8%) has Grade IV 
dyspnea. After analysis of D‑dimer and HIV, D–Dimer 
was found <0.5 mcg/ml in all 80 patients so pulmonary 
thromboembolism was ruled out on this basis and also on a 
clinical basis. HIV was also nonreactive in all the 80 patients.

In our study, TRV was found <2.8 m/s in 42 patients (52.5%), 
between 2.9 and 3.4 m/s in 24 patients (30.0%) and more than 
3.4 m/s in 14 (17.5%) patients. In our study, TRV gradient was 
found <30 mmHg in 42 patients (52.5%) and >30 mmHg in 
38 (47.5%) patients. In this study, 38 patients (47.5%) had 
low probability of PH, 18 patients (22.5%) had intermediate 
probability of PH and 24 patients (30%) had high probability 
of PH.

Table 1: Distribution of study group by age (n=80)

Age group (years) Number of patients, n (%)
<20 4 (5)
21‑30 24 (30)
31‑40 52 (65)
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In our study, PASP was found to be normal, i.e., is <40 mmHg 
in 42 patients (52.5%), mild PH i.e., PASP between 41 and 
50 mmHg in 20 patients (25.0%), moderate PH, i.e., PASP 
between 51 and 80 mmHg in 5 patients (6.3%) and severe 
PH, i.e., PASP >80 mmHg in 13 (16.3%) patients [Table 2]. 
P value was insignificant (0.200).

In our study, the analysis of chest X‑rays for the type of 
lesion revealed that 48 patients (60%) had fibrosis and 
32 patients (40%) had fibrocavitary lesions. On chest X‑ray, 
21 patients (26.3%) had involvement of only one zone of 
the lung, 30 patients (37.5%) had involved two zones of 
the lung and 29 patients (36.3%) had involved three or 
more than three zones of lung. Out of 38 patients who had 
PH 31 patients (81.57%) had involved two or more two zones 
of the lung on chest X‑ray.

In our study, pulmonary artery acceleration time <105 ms was 
found in 28 patients (35.0%) and >105 ms in 52 patients (65.0%). 
IVC collapses <50% was found in 19 patients (23.8%) 
and collapses >50% in 61 patients (76.3%). During 
echocardiography, tricuspid annular plane systolic 
excursion (TAPSE) <18 mm was found in 15 patients (18.7%) 
and TAPSE >18 mm was found in 65 patients (81.3%). In 
our study, none of the 80 patients had any disease of the left 
ventricle, mitral valve, and left atrium or any filling defect in 
the pulmonary artery.

dIscussIon

PH as a result of primary pulmonary diseases usually heralds 
a poor prognosis. The association between active tuberculosis 
and PH has been assessed in a few previous studies, in which PH 
or cor pulmonale was diagnosed either by electrocardiography 
or during postmortem examination.[5,15,16]

In a cross‑sectional study, Ahmed et al.[17] described 
14 patients who presented with shortness of breath after 
successful treatment of PTB. PH was evaluated by Doppler 
echocardiography. The clinical profile and prevalence of 
PH in patients with posttubercular fibrosis by Doppler 
echocardiography were evaluated in our study.

The most common age group in the study was 31–40 years 
(65%). The youngest patient was aged 18 years and the 
oldest one was 40 years. Kapoor[16] reported the following 
age distribution in 66 patients with PTB; 3% of cases were 
of age <10 years, 16.66% of patients of age 11–20 years, 
46.96% of patients of age 21–30 years, 10.6% of patients of 
age 31–40 years, 13.63% of patients of age 41–50 years and 

9% of patients of age more than 50 years. The youngest patient 
was 6‑year‑old, and the oldest was 66 years. HIV test was done 
in all patients and found to be nonreactive in all patients. The 
difference in the age between the two studies may be because 
we excluded patients more than 40 years.

Females constituted the majority of our study population, i.e., 
45 (56.2%) females and 35 (43.8%) males. Ahmed et al.[17] 
Observed 50% female and 50% male patients among the cohort 
of post‑TB fibrosis patients. Similarly, Marjani et al.[18] reported 
54.1% females and 45.9% males in their study and figures are 
comparable to our study.

In the present study, dyspnea was the most common symptom 
being reported by all 80 patients (100%), followed by cough 
in 26 (32.5%), hemoptysis in 18 (22.5%), chest pain in 
8 (10%), and syncope in 2 (2.5%) patients. Studies in the 
literature[16,18,19] reported dyspnea in 59%–98% of patients. 
Patel et al.[19] reported cough in 92% of patients with PH. 
Such high incidence could be due to the inclusion of the 
patients with COPD, interstitial lung disease, bronchiectasis, 
tuberculosis, bronchial asthma, and kyphoscoliosis in their 
study while we included only patients with posttubercular 
fibrosis in our study.

In our study, the analysis of chest X‑rays for the type of 
lesion revealed that 48 patients (60%) had fibrosis and 
32 patients (40%) had fibrocavitary lesions. Ahmed et al.[17] 
reported that 57% of patients had fibrocavitary lesions, 36% 
had fibrosis, 7% had both bullae and fibrosis, and 7% had 
fibrothorax on chest X‑ray. Kapoor[16] reported giant cavities 
in 31.8% of patients and diffuse fibrosis in 36.36% of patients 
on chest X‑rays in the study.

In this study, 21 patients (26.3%) had involvement of only 
one zone of the lung, 30 patients (37.5%) had involved two 
zones of the lung, and 29 patients (36.3%) had involved three 
or more than three zones of the lung. Kapoor[16] reported that 
36.36% of patients had involvement of <1 lobe of the lung, 
40.9% had involvement of more than one lobe of the lung 
but <1 lung field unit, and 22.72% had more than one lung 
field involved in their study. Hence, figures are comparable 
to our study.

In our study, TRV was found <2.8 m/s in 42 patients (52.5%), 
between 2.9 and 3.4 m/s in 24 patients (30.0%) and more 
than 3.4 m/s in 14 (17.5%) patients. In our study, TRV 
gradient was found <30 mmHg in 42 patients (52.5%) 
and >30 mmHg in 38 (47.5%) patients. PH was found among 
38 patients, 20 patients (25%) had mild PH, 5 patients (6.3%) 
had moderate PH and 13 patients (16.3%) had severe PH. 
Ahmed et al.[17] reported mild PH in 4 patients (28.6%), 
moderate–severe PH in 9 patients (64.3%), and severe PH 
in one patient (7.1%). Marjani et al.[18] reported systolic 
pulmonary arterial pressure >35 mm Hg in 9.5% of patients. 
The difference between our study and these studies may be 
because of the fact that these studies included the patients 
with active tuberculosis also so there may not be enough 

Table 2: Pulmonary artery systolic pressure (n=80)

PASP (mmHg) Number of patients, n (%)
<40 (normal) 42 (52.5)
41‑50 (mild) 20 (25)
51‑80 (moderate) 5 (6.3)
>80 (severe) 13 (16.3)
PASP: Pulmonary artery systolic pressure
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destruction of the lungs to cause hypoxia and PH. Hence, 
it indicates that there are also other factors such as duration 
of disease and extent of parenchymal destruction which 
determine the prevalence of PH.

Residual lung structural damage and pulmonary function 
abnormalities, which contribute to gas exchange abnormalities 
and chronic hypoxia, are thought to be the cause of PH in treated 
pulmonary TB patients. Repeated secondary respiratory tract 
infections, produced by residual chest X‑ray abnormalities, 
have also been postulated to have a role in the etiology of PH 
in individuals with PTB. All our patients had abnormal chest 
radiographs that were caused by pulmonary TB, but we did 
not measure lung function in our study population.

The small sample size used in this study is a methodological 
flaw, and higher sample size is advised for future research. 
Measurement of PASP by echocardiography in patients with 
severe tricuspid regurgitation may lead to underestimation. 
Furthermore, overestimation is common. As a result, 
echocardiography may not be a good screening tool for 
asymptomatic mild PH patients. Although our research 
demonstrates the importance of PH in posttubercular fibrosis, 
many questions remain unanswered, such as what are the risk 
factors for PH in posttubercular fibrosis? Is PH screening 
recommended for every case of posttubercular fibrosis, or at 
the very least for those who are at high risk for PH? What is 
the best tool for this type of screening? After detection of PH, 
is there any intervention that could improve the outcome of 
TB patients? Prospective well‑designed studies are necessary 
to respond to these questions.

concLusIons

India is one of the countries with a high prevalence of 
PTB, and early detection is critical due to posttubercular 
complications. The “Tuberculosis‑associated PH” as 
reported by us appears to be a separate entity based on our 
observations. Tuberculosis may be linked to PH, and a history 
of PTB should be sought in all patients of PH, particularly 
in developing countries. The findings of this study indicate 
that 2D echocardiography can be used to diagnose PH in 
patients with posttubercular pulmonary fibrosis. Although 
RHC is the gold standard and required for PH confirmation, 
it is an intrusive and expensive treatment that is inappropriate 
for use as a screening tool. The use of transthoracic Doppler 
echocardiography to screen for PH has been proved to be a 
safe, sensitive, and specific approach.
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